-Introduction
The state-of-the-art SOFC materials are based on yttria-stabilised cubic zirconia (YSZ) as electrolyte material and Ni-YSZ cermet as anode material. LSM is mostly used as cathode material despite the fact that this oxide is a poor oxygen ionic conductor. So that, high working temperature of around 1000°C is required to achieve satisfactory power density.
Decreasing the temperature leads to a lower ionic conductivity of the solid electrolyte and higher polarisation resistance of the electrodes. This is particularly highlighted at the cathode side. Depending on materials, several issues are therefore explored to keep high cell performance at reduced working temperature (600-700°C). Concerning the electrolyte material, two solutions are considered: reducing its thickness or finding a new material exhibiting an ionic conductivity higher than that of the classically used yttria-stabilised zirconia. For the electrode, the cathodic overpotential may be reduced by increasing the active area for the oxygen reduction from the triple-phase-boundary (TPB) between gas, electrode and electrolyte to the whole surface of the cathode. A conceivable solution is to use mixed ionic and electronic conductors (MIEC). The A 2 MO 4 materials have been studied with this aim. Among those materials, Ln 2 NiO 4+δ have shown a wide range of oxygen overstoichiometry (δ). The additional oxygen atoms occupy interstitial sites in the lattice so that the structure is stabilised, and are also involved in an interstitial oxygen diffusion mechanism [1] . Moreover, in these oxides, part of Ni 2+ cations are oxidised into Ni 3+ cations.
As a consequence, both ionic and electronic conductivities are enhanced compared to those of classical perovskite-type materials for which the ionic conduction results from a vacancy mechanism of higher activation energy [2] . The excellent electrochemical performance of the nickelates has already been demonstrated on cathode/YSZ/cathode symmetrical half cells while measuring under zero d.c. conditions [3, 4] . The present work deals with SOFC single cell tests using these cathode materials deposited onto commercial anode/YSZ half cells.
Polarisation and impedance spectroscopy measurements were performed in order to quantify their performance. Solutions of chelated cations were mixed in a stoichiometric ratio. The organic gels were made using monomers of acrylamide to form chains and the cross-linker N,N'-methylene-bisacrylamide. α,α'-Azoisobutyronitrile (AIBN) dissolved in a few millilitre of acetone was used as a polymerisation initiator. The gel was transferred to a porcelain bowl and heated in a ventilated furnace at 3°C/min, up to 800°C, for 1h. A final annealing at 1000°C was required to obtain the single phase Nd 1.95 NiO 4+δ . The average particle size was finally about 0.6 µm after an attrition stage. The polyacrylamide gel route was selected for SOFC cathode application because of the small particle size obtained by this way.
-Experimental
Oxide powders prepared by these three synthesis routes were characterised by X-ray diffraction using a Philips 1710 diffractometer (CuK α radiation). All samples revealed a single-phase material exhibiting the K 2 NiF 4 -type structure.
-Fuel cell construction
SOFC tests were performed on single cells of anode -electrolyte -cathode systems.
The samples were constructed from an anode supported electrolyte half cell produced by 
-3 I-V Characteristics
The morphology of the powders and the microstructure of the sintered cells were characterized by scanning electron microscopy (SEM) using a JEOL JSM 6360A apparatus. The impedance of the cell was recorded under operating conditions using a frequency response analyzer Solartron 1260 and a potentiostat Solartron 1287.
-Results and discussion
The cross section SEM picture of Nd 1.95 NiO 4+δ / YSZ supported SOFCs, which was fired at 1200°C during 20 minutes has been performed. A good adhesion between dense electrolyte and the two porous electrodes has been observed.
The open circuit voltage (OCV) of the cell was firstly measured. In agreement with the Nernst law, the OCV values were found to be in-between 1.1 and 1.2 V, depending on the working conditions. This observation allows us to conclude that both sides of the cell were efficiently sealed. Then the gas flows were fixed at 30-35 mL/min for hydrogen and 70 mL/min for air. The polarization curve obtained at 700°C is reported in Figure 1 . At 800 mV, the current density is around 85mA.cm -2 . By extrapolation, the current density can be estimated at about 100 to 120 mA.cm -2 under 700 mV.
In order to identify the resistances associated to the polarization curve, impedance spectroscopy measurements have been performed when the cell discharged through a variable load. In these measurement conditions, it can be considered that the assembly anode/electrolyte/cathode nearly acts as a working SOFC single cell. Under open circuit conditions, impedance diagrams have been decomposed into a high frequency self part, a resistance and two capacitive loops, respectively named high frequency (HF) and low frequency (LF), associated in series. A typical impedance spectrum is shown in Figure 2 . The associated electrical equivalent circuit is reported in Figure 3 . The parameters values of the different impedance spectra recorded on the polarization curve are shown in Table 1 . It can be seen that the first resistance series Rs is the most important resistive component. This impedance was not been clearly identified but may be attributed to an insufficient contact between the single cell and the current collectors. Indeed, the mechanical pressure applied for the set-up was lower than the value recommended by InDEC in the measurements process with anode supported cells.
The resistances R HF and R LF of the capacitive loops decreased versus current. This shows that these resistances are attributed to anodic and cathodic polarization resistances.
Nevertheless, it is difficult to identify which semi-circle is related to the cathodic contribution.
Indeed, according to previous studies [6, 8] , both capacitive effects C ~ 0.01F and C ~ 0.3F associated respectively to the high frequency (HF) and the low frequency (LF) impedances, can be identified as electrode processes. Generally, the capacitive effects are more important in Triple Phase Boundaries (TPB) electrodes, such as YSZ-Ni cermet, and are lower in
Internal Diffusion (ID) electrodes, as for Nd 1.95 NiO 4+δ . One can therefore assume that the HF resistance may be attributed to the cathodic response while the LF one may rather be assigned to the anodic contribution. Results show that for low current density (high voltage), the HF resistance is the lowest contribution whereas and with further increase in current, the LF resistance forms the majority impedance. This indicates that, apart from the high resistance Rs presumably related to weak contact between the current collectors and the electrodes, the predominant polarization resistance in the cell may be attributed to the anode. This suggests an improvement in the cell materials with respect to the usual major cathodic contribution measured on conventional SOFC cells made of TBP cathodic electrode.
The power density versus current density curves are reported in Figure 4 for 750 -700 -675°C. It can be noticed that for low polarization, the temperature increasing did not affect the cell performance. For current densities higher than 20mA.cm -2 , the electrical properties increases and a power density of 140mA.cm -2 under 700mV is obtained. At 750°C, the power density is about 90mW.cm -2 .
-Conclusion
Accordingly, the power density demonstrates in this study on nickelate-based SOFC cell is low and unexpected with respect to the intrinsic properties of nickelates materials (high oxygen diffusion coefficient, high surface exchange coefficient and good electronic conductivity) and the good electrochemical performance already demonstrated on half asymmetrical cell. This poor performance may therefore rather be assigned to a weakness in the set up design as suggested by the high resistance Rs and to an inadequate cell shaping.
These both parameters have to be further optimized to benefit from the good intrinsic properties of neodymium nickelate oxides. 
